Effect of Compatibilisers on Mechanical, Barrier and Antimicrobial Properties of iPP/ZnO Nano/Microcomposites for Food Packaging Application by Cimmino, Sossio et al.
108            Journal of Applied Packaging Research
 Effect of Compatibilisers on Mechanical, Barrier 
and Antimicrobial Properties of iPP/ZnO nano/
microcomposites for Food Packaging Application
Sossio Cimmino
Istituto per i Polimeri, Compositi e Biomateriali
cimmino@ipcb.cnr.it
Donatella Duraccio
Istituto per i Polimeri, Compositi e Biomateriali
duraccio@ipcb.cnr.it
Antonella Marra
Istituto per i Polimeri, Compositi e Biomateriali
antonella.marra@ipcb.cnr.it
Marilena Pezzuto
Istituto per i Polimeri, Compositi e Biomateriali
marilena.pezzuto@ipcb.cnr.it
Ida Romano
Istituto di Chimica Biomolecolare
ida.romano@icb.cnr.it
Clara Silvestre
Istituto per i Polimeri, Compositi e Biomateriali
silvestre@ipcb.cnr.it
ABSTRACT 
It is investigated the effects of the addition of three PPgMA, with different molecular weight and maleic 
anhydride content, on the structure, morphology, mechanical, thermal and antimicrobial properties and 
oxygen permeability of iPP/ZnO 98/2 wt% composite.
The composition of iPP/PPgMA/ZnO composites is fixed at 88/10/2 wt%, that is, about 10 wt% of 
iPP is substituted with PPgMA. The composites are prepared via melt mixing by using a twin-screw 
extruder. The ZnO is obtained in a preindustrial scale spray pyrolysis platform. The Fourier Transform 
Infrared spectroscopy indicates that the ZnO particles, in all the ternary composites, react with maleic 
anhydride groups of PPgMA. From the analyses of the mechanical properties, permeability to oxygen 
and antibacterial activity against E.Coli, it is concluded that the best compatibiliser among the three is 
PPgMA with 1.4% of MA and Mw 65,000, but the antibacterial activity is much lower than that of the 
binary iPP/ZnO 98/2 wt%. Moreover, it is found that the antibacterial activity is more efficient for the film 
that presents clusters of the ZnO particles on the surface than the film with ZnO particles smaller and 
better distributed on the film surface, and embedded in it.
Key Words: Zinc Oxide, Polypropylene, Polypropylene Grafted with Maleic Anhydride, Mechanical 
properties, Barrier properties, Antibacterial Activity
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INTRODUCTION
Zinc oxide (ZnO) is an important electronic 
and photonic component for UV light-emitters, 
varistors, gas sensors, acoustic wave devices, etc. 
[1]. Moreover, ZnO applied as thin film by pulsed 
laser deposition (PLD) or nanoparticles exhibits 
antibacterial activity against Gram-positive and 
Gram-negative bacteria [2, 3]. It is reported that this 
activity does not require the presence of UV light 
(unlike TiO2), being stimulated by visible light, and 
it is inversely dependent on particle size [4, 5]. It 
has to be noted that the inversely dependence of the 
antibacterial activity on ZnO particle size reported 
in references 4 and 5 was determined in the bacteria 
suspension and not with ZnO melt blended with a 
polymer. Recently, there has been a great deal of 
interest in this antimicrobial property of ZnO for 
food packaging application, as a viable solution for 
stopping infectious diseases [6, 7].
For the aforementioned reasons and also for 
the low cost, ZnO particles (with sub-micro and nano-
dimensions) are ideal fillers for polymer composites. 
Thus, ZnO particles have been incorporated into 
a number of different polymers, such as low density 
polyethylene (LDPE) [1,8], isotactic polypropylene 
(iPP) [9-12], polymethylmethacrylate (PMMA) 
[13], polyvinyl alcohol (PVA) [14], polyamide 
(PA) [8, 15], polyvinyl chloride (PVC) [16], 
polyethylene oxide (PEO) [17] and cotton woven 
fabric [18] for antimicrobial purposes, for increasing 
dielectric and conductivity properties, mechanical 
and barrier properties and for reduction of polymer 
photo-degradation. 
Particles dispersion plays a predominant role 
in the mechanical and other functional properties 
of polymer/ZnO composites. The main problem 
to be solved in adding ZnO to a polymer matrix is 
related to the formation of agglomerated domains 
that occur because of the strong intermolecular 
interactions among the ZnO particles in combination 
with their high surface area. This prevents transfer 
of their superior properties to the composite [8]. 
Good dispersion has been reported for some polar 
polymers [8, 14, 15], but ZnO dispersion in non-
polar polymers, such as iPP, during melt processing 
remains a challenge. 
Different techniques have been proposed to 
improve dispersion: modification of the particles with 
functionalization [19, 20], plasma coating [21, 22] and 
also modification of the iPP matrix by grafting on the 
macromolecules reactive moieties, such as acrylic 
acid, acrylic esters, and maleic anhydride [23-25]. 
An alternative way to increase dispersion is to add 
a compatibiliser to iPP containing groups suitable 
for interaction with the surface of ZnO particles. 
Polypropylene grafted with maleic anhydride (PPgMA) 
is one of the most promising candidates as compatibiliser. 
The interaction between functional groups of the 
PPgMA and hydroxyl groups of ZnO particles can 
improve the interfacial interaction between ZnO 
and the iPP matrix. The use of PPgMA as 
compatibiliser in the preparation of nanocomposites 
based on iPP by melt mixing has been reported 
for several other types of particles (clay, nanotubes, SiO2 
etc.) [25-32], but no literature is available regarding the 
compatibilization by PPgMA of systems based on iPP 
and ZnO particles prepared directly by melt mixing.
A previous study, performed on iPP/ZnO 
composites, with composition 98/2 and 95/5 wt%, 
obtained by twin screw extrusion process [9], showed 
that in despite of the surface polarity mismatch 
between iPP and ZnO, the extrusion process and the 
unique characteristics of the utilized particles allowed 
composites with a fair distribution of particles, 
although some large ZnO agglomeration phenomena 
occurred, primarily depending on the composition.  For 
these composites significant improvements of photo 
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degradation resistance of iPP to ultraviolet irradiation 
are observed, suggesting that the ZnO particles can 
act as screen for this radiation. The thermal stability 
of these composites increased with the content of ZnO. 
Moreover the iPP/ZnO composites showed significant 
antibacterial activity against E. Coli, which depends on 
exposure time and composition. 
On the base of the results reported in reference 9, 
the research has continued to verify if the addition of 
PPgMA compatibiliser to iPP/ZnO 98/2 composite 
could be beneficial for mechanical properties and 
O2 permeability and for the antibacterial activity 
against E.Coli. The present work reports the 
influence of three PPgMA (with different MW 
and MA% content) added to iPP/ZnO 98/2 wt% on 
the structure, morphology, (mechanical, thermal, 
barrier) properties and antibacterial activity 
against E.Coli. The aim of this work is to verify if a 
compatibiliser PPgMA could be beneficial in order 
to increase the dispersion of ZnO in an iPP matrix so 
that to have films with lower permeability to O2 and 
better antibacterial property to E.Coli compared to 
the system iPP/ZnO 98/2 studied in Ref. 9.
MATERIALS AND SAMPLE 
PREPARATION
The ZnO particles were produced using a 
preindustrial scale spray pyrolysis platform. The 
details of the ZnO preparation are reported in 
references 33 and 34. The particles are spherical 
with an average diameter of 490 nm (d50) and a BET 
surface area equal to 13.5 m2g-1 [9]. The specifics 
of the polymers and the codes are reported in 
Table 1. PPgMA, iPP and ZnO were compounded 
(compositions reported below) in a 25-mm twin-
screw co-rotating extruder Collin ZK 25 (L/D=24) 
[35]. The temperature setting of the extruder zones 
( intake /melting /mixing / venting / metering )  from 
the hopper to the die was 180 /200/200/190/180 °C, 
and the screw speed was 25 r.p.m.  Then films of 
iPP/PPgMA/ZnO were obtained by compression 
moulding. A rectangular mould with external 
dimension 130x110mm was insert between the 
plates of a press at 210°C and kept for 3 minutes 
without any applied pressure to allow melting of the 
polymer material and for other 3 minutes with the 
pressure raised to 100 bars. Then the plates of the 
press, fitted with coils, were rapidly cooled to room 
temperature by cold water. Finally the pressure was 
released and the mould removed from the press. 
The film extracted from the press had dimensions 
100x90mm and thickness 130ųm. The composition 
of the three iPP/PPgMA/ZnO composites was fixed 
at 88/10/2 wt%, that is, the 10 wt% of iPP (precisely 
the 10.2 wt%) in the iPP/ZnO 98/2 composite was 
substituted with PPgMA. The ZnO content was 
kept at 2wt% on the base of the study published 
in reference 9 that indicated that this percentage 
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in the iPP matrix is sufficient to obtain a binary 
composite with good mechanical properties and 
good antibacterial activity (percentage reduction 
after 48h = 90). As already stated above, the aim is 
primarily to investigate if the addition of a PPgMA 
as compatibiliser could improve the dispersion of the 
ZnO in the iPP matrix so that to have decrease of 
the permeability to O2 and possibly increase of the 




Infrared spectra of the compression molded films 
(130ųm thick) were recorded with a Perkin-Elmer 
FT-IR spectrometer, model Paragon 500 equipment. 
The IR spectra were recorded in the range 4000-800 
cm-1 with 4cm-1 resolution and 20 scans. 
Wide-Angle X-ray Diffraction:
Wide-angle X-ray diffraction (WAXD) 
measurements were conducted using a Philips 
XPW diffractometer with Cu Kα radiation (1.542 
Å) filtered by nickel. The scanning rate was 0.02 
deg/s and the scanning angle was from 2 to 45°. The 
ratio of the area under the crystalline peaks and the 
total area, multiplied by 100, was taken as the 
crystalline percentage degree. Three tests were done 
for each composition.  
Scanning Electron Microscopy: 
The SEM analysis was performed using a SEM 
FEI Quanta 200 FEG and the observation was done 
on the surfaces of composite films, that is, where 
the eventual food would be in contact. Before the 
observation, the surfaces were coated with an Au/Pd 
alloy using an E5 150 SEM coating unit.
The rationale for choosing to perform the SEM 
analysis on the surface of the film rather than on 
the cross section was: the proposed mechanism 
responsible for the antibacterial activity, although 
 not fully understood, implies that active oxygen 
species are generated by ZnO particles. The 
observation of the surfaces provides direct evidence 
of the presence on the surface of ZnO particles that 
can generate active oxygen species  that  act as 
antibacterial agents.
Mechanical Tests 
Dumbbell-shaped specimens (Type IV according 
to ASTM D638) were cut from the compression 
molded films and used for the tensile measurements. 
Stress–strain curves were obtained using an Instron 
machine (Model 4505) at room temperature (25°C) 
at a crosshead speed of 5 mm/min. Ten tests were 
performed for each composition.
Thermogravimetric Analysis 
The thermal behaviour of the blends was 
examined by thermogravimetric analysis (TGA) 
using a Perkin Elmer-Pyris Diamond apparatus 
with a heating rate of 10°C/min in air. Three 
measurements were performed for each sample.
Permeability Tests 
Permeability to oxygen was tested on films by 
means of an ExtraSolution PermeO2 apparatus. The 
instrumental apparatus consists of a double chamber 
diffusion cell. The film was inserted between the two 
chambers: a nitrogen flux containing oxygen enters 
in the lower one and a dry nitrogen flux flows in the 
upper one. A zirconium oxide sensor measures the 
oxygen diffusion across the film. The exposed area of 
the film was 50 cm2. Collected data were converted 
in oxygen transmission rate (OTR), that is, the time 
rate of oxygen flow between two parallel surfaces 
under steady conditions and specific temperature 
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and relative humidity. At least three measurements, 
on different film of same composition, were carried 
out at 23°C and 0% RH. Oxygen permeability was 
calculated from OTR data by means of the Eq.(1):
Permeability = (OTR x thickness)/ΔP       (Eq.1)
Antibacterial evaluation 
The antimicrobial activity of the iPP/PPgMA/
ZnO composites was evaluated using E. coli DSM 
498T (DSMZ, Braunschweig, Germany) as test 
microorganisms. The evaluation was performed 
using the ASTM Standard Test Method E 2149-10 
preparation of the bacterial inoculum required us to 
grow a fresh 18-h shake culture of E. coli DSM 498 
in a sterile nutrient broth (LB composition for 1 l: 10 
g of triptone, 5g of yeast extract and 10g of sodium 
chloride). The colonies were maintained according 
to good microbiological practice and examined for 
purity by creating a streak plate.
The bacterial inoculum was diluted using a 
sterile buffer solution (composition for one litre: 
0.150 g of potassium chloride, 2.25 g of sodium 
chloride, 0.05 g of sodium bicarbonate, 0.12 g of 
CaCl2· 6H2O and pH=7) until the solution reached 
an absorbance of 0.3±0.01 at 600 nm, as measured 
spectrophotometrically. This solution, which had 
a concentration of 1.5–3x108 colony forming units 
(CFUs)/ml, was diluted with the buffer solution 
to obtain a final concentration of 1.5–3x106 CFUs 
ml-1. This solution was the working bacterial 
dilution. The experiments were performed in 50 ml 
sterilized flasks.  
A film of each sample, (about 1 gram),  obtained by 
compression molding as reported in the preparation 
section was maintained in contact with 10ml of the 
working bacterial dilution. After 2 min, 100 µl of 
the working bacterial dilution was transferred to a 
test tube, which was followed by serial dilution and 
plating out on Petri dishes (10mm x 90mm) in which 
the culture media was previously poured. The Petri 
dishes were incubated at 35°C for 24h. These dishes 
represented the T0 contact time. The flasks were 
then placed on a wrist-action shaker for 1h (T1), 24h 
(T2) and 48h (T3), to  establish the reduction growth 
rate of micro-organisms at short and long time.
The bacterial concentration in the solutions at these 
time points was evaluated by again performing serial 
dilutions and standard plate counting techniques. 
Three experiments were performed for each 
composition. The number of colonies in the Petri 
dish after incubation was converted into the number 
of colonies that form a unit per millilitre (CFU/ml) of 
buffer solution in the flask. The percentage reduction 
was calculated using the following formula.
Reduction %  = [(B-A)/B] x100        (Eq.2)
Where A=CFUs/ml for the flask containing the 




The FTIR spectra, limited in the carbonyl 
region 1700-1500 cm-1, are reported in Figure 1. The 
most important feature is the well evident presence 
of the band at 1550 cm-1, figure 1 (A), for the three 
iPP/PPgMA/ZnO composites, due to asymmetric 
vibration of carboxylate group [36]. This band is, 
instead, very small on the spectra for the three iPP/
PPgMA (90/10) blends (figure 1.B). The band in the 
region from 1650 to 1625 cm-1 (in figure 1A and 1B) 
corresponds to the anhydride groups in agreement 
with results reported in literature [37, 38]. The fact 
that the band at 1550 cm-1 (carboxylate group) on the 
spectra of the iPP/PPgMA/ZnO composites is higher 
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than that at about 1650 cm-1 (anydryde groups) 
suggests that a discrete  number of interactions 
between the bivalent ion Zn2+ and the carboxylate 
group are formed from the maleic anhydride group. 
 
The mode of carboxylate binding (ionic, 
monodentate, bidentate chelating or bridging) 
cannot be determined on the FTIR spectra because 
the symmetric vibration (if different from the 
asymmetric one) could be covered by the alkyl 
vibration bands of main chain of polypropylene 
(1400 cm-1) [39], region not shown in the figure 1.
Figure 1. FTIR spectra in the carbonyl region of: (A) of iPP, iPP/ZnO (98/2) and iPP/PPgMA/ZnO (88/10/2) 
composites.  (B)  iPP/PPgMA (90/10) blends.
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Figure 2. WAXD profiles of iPP, iPP/ZnO (98/2) and iPP/PPgMA/ZnO (88/10/2) composites.
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Structural  and morphological analysis
The WAXD patterns are shown in Figure 2 
and they reveal that iPP in the ternary composites 
crystallizes in the monoclinic α-form as indicated 
by the presence of the (110), (040)α and (130) α 
reflections at 2α = 14°, 16.8° and 18.6° [40] and 
that the crystal structure of α-form of iPP remains 
unaffected by the addition of ZnO and PPgMA. 
The crystalline degrees for the composites 
and neat components are reported in Table 2. The 
three compatibilisers have the crystallinity % value 
slightly lower than that of plain iPP (46%) and it 
increases from 39 to 43% with the molecular weight 
of the PPgMA. The ternary composites have similar 
trend: the crystallinity % increases from 40 to 45% 
with the Mw of the compatibiliser added to iPP.  
SEM micrographs of the lateral film surfaces 
are reported in Figures 3. It has to be clarified that 
the SEM micrographs reported here are obtained 
from the observation on the lateral surface of the 
film, that is, the surface that would be in contact 
with an eventual food, whereas those in Ref. 9 
report the morphology of the cross section of the 
film obtained by fracturing the film after quenching 
in liquid nitrogen. Figure 3-A shows the surface 
morphology of iPP. The surface of the film is 
homogeneous with a few imperfections, as those 
shown in fig. 3-A1, caused probably by the contact 
of the polymer with the plates of the mould. For the 
binary iPP/ZnO (98/2) it is found a good dispersion 
of particles on the film surface. In particular, the 
micrographs reveal the presence of some ZnO 
particles homogeneously distributed on the surface 
of the film and partially embedded in it (fig. 3-B1), 
and the presence of several clusters of particles 
outside the surface, as those shown in  fig. 3-B2, with 
dimension of a few µm (2-3 µm).  The film surfaces 
of the three ternary composites also show good 
homogeneous distributions of the ZnO particles, but 
with slight differences among them and compared 
to the binary iPP/ZnO composite. In particular, iPP/
PP(9k)gMA(4.8)/ZnO (figure 3C) and iPP/PP(65k)
gMA(1.4)/ZnO (figure 3D) present several clusters 
of particles, larger than those observed on iPP/ZnO 
surface, about 5-15 µm, and much more embedded 
in the polymer matrix than those of the iPP/ZnO 
film.  For the iPP/PP(95k)gMA(0.5)/ZnO (figure E) 
only few clusters are observed on the surface, well 
embedded in the matrix, with size of 2-3 µm, as that 
shown in figure 3-E2. 
In conclusion, the SEM analyses indicate that 
the three PPgMA compatibilisers have the effect 
to increase the distribution of ZnO particles and 
to embed them in the polymer matrix surface. In 
fact clusters of ZnO particles as those observed 
on iPP/ZnO film are not present on the surfaces of 
the three ternary composites. Moreover, from the 
SEM morphology observations, PP(95k)gMA(0.5) 
seems to be the best compatibiser for iPP and ZnO 
of the three used in this work, because the surface 
of the iPP/PP(95k)gMA(0.5)/ZnO film has the best 
distribution of the ZnO particles, with only very few 
small clusters on the surface. 
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Figures 3
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Figures 3
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Mechanical Properties
Figure 4 shows the tensile curves of iPP, iPP/
ZnO and three ternary composites. The values of 
mechanical parameters are reported in Table 3. 
iPP displays a ductile behavior, with a yield point, 
cold-drawing region and fiber formation region; 
the elongation and the stress at break point are at 
about 900% and at 30 MPa, respectively. As already 
reported in the previous article [9], iPP/ZnO (98/2) 
presents a ductile behaviour, but the rupture occurs 
during the fiber formation region, at values of 
stress and elongation lower than those of iPP. This 
was ascribed to the presence of agglomerates in 
the polymer matrix, as already shown in the SEM 
micrographs in reference [9], acting as defect points 
not allowing completing the fibre formation process. 
The three compatibilisers have a different effect on 
the mechanical properties of iPP/ZnO in dependence 
of their molecular weight and MA content. 
In particular, iPP/PP(9k)gMA(4.8)/ZnO (figure 
4B and Table 3) shows high value of the elastic 
modulus and very small deformability, with rapture 
during the yielding, probably due the very low Mw of 
the compatibiliser, which constitutes the 10% of the 
total polymer material. iPP/PP(95k)gMA(0.5)/ZnO 
shows an increase  of modulus (Table 3) compared 
to the iPP/ZnO and tensile parameters at break point 
(σb and εb) lower than those of iPP, but similar to 
those of iPP/ZnO (see Figure 4A and Table 3). 
Finally, also iPP/PP(65k)gMA(1.4)/ZnO composite 
presents ductile behaviour, but break parameters 
lower than those of iPP/ZnO and iPP. No significant 
variation in the yield parameters is observed for all 
the composites, except for the composite with PP(9k)
gMA(4.8) which does not present yield point, as 
above reported. 
Figure 4: Stress-strain curves
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Thermal Stability
TGA measurements were performed in air 
atmosphere at heating rate of 10°C/min. The 
thermogravimetric curves of all the samples are shown 
in Figure 5. Two parameters were calculated from the 
curves and reported in Table 4, T5% and Tmax. The 
first parameter, T5%, is the temperature on the curve 
when the sample has lost 5% of its weight, and from 
the values reported in Table 4 it results that there is 
not significant differences among the iPP, the binary 
composite and the three ternary composites. Tmax is the 
temperature at the inflection point of the curve, detected 
at the maximum of the peak of the first derivative of the 
curve, which corresponds to the maximum rate of the 
degradation of the sample. Here significant differences 
are found. The iPP/ZnO composite has Tmax = 352°C, 
value higher than that of iPP (335°C); the ternary 
composites iPP/PP(95k)gMA(0.5)/ZnO has Tmax 
value = 348°C, value similar to that of iPP/ZnO, but 
it is the lowest value of the three ternary composites; 
the ternary composites with the PPgMA having the 
highest MA content presents the highest value of  Tmax 
(371°C). Two indications can be drawn by these results: 
1. The degradation process starts at almost the same 
temperature for all the samples (T5% is constant); 
2. The  presence of the ZnO particles/clusters  for 
binary and  ternary seems  to slow the degradation 
process of iPP. 
 
This effect  could indicate that ZnO particles/clusters 
act as barrier to the diffusion of gases, originated 
by the thermal degradation process from the bulk 
to the surface of the film. Moreover, taking into 
account the morphological evidences it could  be 
also  hypothesized that the bigger the agglomerates, 
the more the sample is thermally  stable (iPP/PP(9k)
gMA(4.8)/ZnO).
Figure 5. TGA of iPP, iPP/ZnO (98/2) and of the three iPP/ZnO/PPgMA (88/10/2) composites
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Permability Tests
Table 5 reports OTR and oxygen permeability 
for iPP, iPP/ZnO (98/2) and iPP/PPgMA/ZnO 
(88/10/2) composites. The permeability of iPP is 
in agreement with that reported in the literature 
for not oriented iPP [41]. Generally, the addition 
of inorganic fillers into a polymer affects the gas 
diffusion mechanism through the material because 
of the different permeability properties of the matrix 
and the foreign particles. Moreover, the tortuous 
path of the diffusing molecules, in order to bypass 
the presence of nanoparticles in the polymer matrix, 
is, generally, an additional factor that can affect the 
permeability property [42-47]. It is found in this 
study that the addition of 2% in weight of ZnO to 
iPP has no effect on the permeability of the film. 
The permeability values of the iPP and iPP/
ZnO are practically identical, considering the 
experimental error. Moreover, the addition to iPP/
ZnO of any of the three PPgMA compatibiliser 
results to have no effect to the permeability property. 
The results of the permeability test do not show 
any decrease of the O2-permeability that is usually 
observed in nanocomposites with other polymers 
due to the addition of ZnO and also to the addition of 
a compatibiliser. So, according to the permeability 
results, the addition of each of the three PPgMA used 
in this work results to be not useful and necessary, 
unless the antibacterial property against the E.Coli 
should result significantly improved.
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Antibacterial Activities
Figure 6 presents the antimicrobial effect 
against E.Coli as a function of time for the different 
composites. The initial reference concentration of 
the micro-organism is measured to be 2.0x106. After 
1h no change in the concentration is observed for any 
of the composites. By increasing the time, a decrease 
in the E.Coli concentration is observed. The effect 
is more evident for the iPP/PP(9k)gMA(4.8)/ZnO 
and iPP/PP(65k)gMA(1.4)/ZnO composites. The 
quantitative bacterial reduction was examined by 
determining the percentage reduction (Equation 
2), and the results are shown in Table 6. Reduction 
% for iPP and iPP/ZnO (98/2) are reported for 
comparison from reference 9. Plain iPP film exhibits 
no bactericidal activity up to 48h (%R = 0). The 
maximum reduction after 48 h is exhibited by iPP/
ZnO (%R = 90). 
All the composites with PPgMA present 
bacterial % reduction lower than that of iPP/ZnO and 
the lowest value is given by iPP/PP(95k)gMA(0.5)/
ZnO composites, both at 24 and 48 hours (Table 6).
Although the antibacterial activity of ZnO is 
well-known, the mechanisms responsible for the 
antibacterial activity of metal oxide nanostructures 
are not fully understood. The proposed mechanisms 
imply that active oxygen species are generated by 
ZnO particles, although there is no direct evidence 
from the results reported in the literature [48]. It 
has already been demonstrated that both nano-sized 
and micron-sized ZnO suspensions are active in 
inhibiting the growth of several bacteria [49]. The 
results reported in this paper are consistent with the 
results reported in literature but at the same time 
they highlight another important aspect to take 
into account for the preparation of antimicrobial 
materials: the more the particles are interconnected 
with the polymer matrix and are embedded in 
polymer material, the more the antibacterial activity 
decreases. For the sample iPP/PP(95k)gMA(0.5)/
ZnO, with the lowest antibacterial activity (%R = 
31 at 48h), the morphological analysis has shown a 
good dispersion of particles in the polymer matrix 
and only very few clusters of the ZnO on the 
surface. For the systems iPP/PP(9k)gMA(4.8)/ZnO 
and iPP/PP(65k)gMA(1.4)/ZnO that present a higher 
number of agglomerates of ZnO on the surface, the 
antibacterial activity is higher (%R = 65 and 60 at 
48h, respectively). Of course these two materials 
cannot be considered “effective” against E. Coli 
because the decrease of at least two orders in the 
bacterial solution is required. 
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Figure 6  CFU/ml values at 1, 24 and 48 hr for 
   (A) iPP/PP(9k)gMA(4.8)/ZnO,  
   (B) iPP/PP(65k)gMA(1.4)/ZnO
   (C) iPP/PP(95k)gMA(0.5)/ZnO films
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CONCLUSIONS
In this study it was investigated the effect of 
three kinds of polypropylene grafted with maleic 
anhydride (PPgMA), with different molecular weight 
and maleic anhydride content, on the properties of 
iPP/ZnO (98/2) composites with the aim to obtain a 
better dispersion of ZnO particles and hence lower 
permeability and higher antibacterial activity. It was 
found that, in all the three composites with PPgMA, 
the ZnO particle surface react with maleic anhydride 
groups of PPgMA, as observed by Fourier Transform 
Infrared spectroscopy (FTIR). The compatibilisers 
do not affect the thermal stability of iPP/ZnO and the 
crystal structure of iPP. 
The composite iPP/PP(9k)gMA(4.8)/ZnO) 
shows the best antibacterial activity after 48h (R% = 
65), permeability similar to that of iPP and iPP/ZnO 
and very low value of the elongation at break.  
The iPP/PP(65k)gMA(1.4)/ZnO  composite 
shows values of tensile modulus and oxygen 
permeability similar to those of iPP/ZnO, but E.Coli 
% reduction lower than that the binary composite 
iPP/ZnO (60 vs. 90 at 48h). 
Also the composite iPP/PP(95k)gMA(0.5)/ZnO 
shows tensile properties and oxygen permeability 
similar to those given by the iPP/ZnO composite, but 
it presents the lowest value of E.Coli % reduction 
after 48h (R%=31).  
This study has revealed that the addition 
of PPgMa compatibilizer to iPP/ZnO (98/2) to 
enhance barrier and mechanical properties and 
antibacterial activity is not necessary, because the 
O2 permeability does not decrease and especially 
because the antibacterial activity results to be lower 
than that the binary iPP/ZnO (98/2). An important 
aspect found in this study is that the more the ZnO 
 
 
particle interacts with the polymer matrix and 
they are well embedded in polymer material (as in 
the case of all the three ternary composites), the 
more the antibacterial activity decreases, probably 
because the surface of the particle available and in 
contact with the solution is much lower.
The course of this study is the investigation of 
ZnO particles modified on the surface with stearic 
acid.  A very preliminary study with iPP films 
containing ZnO particles modified with stearic acid 
indicates antibacterial activity better than those 
obtained with the ZnO particles not modified.
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